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::N" THE INTERCHANG: (NSTARILITY IN HIGH-LATITUDE PLASMA BLOBS f
%
i I.  INTRODUCTION G
10“ . It has long been known that the ionosphere at nigh latitudes often 'i":;-
:. displays density irregularities and structured electric €i{elds which are :.
b 0° various magnitudes {n sacale and strength {Fejer and Kelley, 1980). The ”5'

recent resurgence in i{nterest in high latitude irregulariti{es has been due
o to the observation of scintillations by DNA's Wideband Sat‘ellite in la;‘_l':
Wy association with the gradient in the total electron content (TEC) at these :.(:-
e latitudes {[Fremouw ot al., 1977. Rino et al., 1978]. A varlety of NS
:::' experimental techniques have now been employed to study the atructure at """
‘ migh latitude=s and {ts morphology {= beginning to be understood better, g
‘Q On the basis 27 {incoherent sacatter radar returns, the plasma density '-"(
i contours have revealed the existence of high-latitude enhancements which fi:
Oy have acale sizes transverse to and along the magnetic "{eld on the order pRs
2N 0% hundreds of kms and have frequently been referred Lo as "blobs" hy1°
*2 (Vickrey ot al., 1980; Kelley et al., 1982]. Simultaneous incoherent :'_:,,;
o scatter and VHF scintillation measurements were used by Vickrey et al, :ﬁ
‘ {1980) to aestablish the co-location of ~ 1 km =scale irregularities and the W
oy FV layer blobs. Ground-based optical and'digiml {onosonde measure-ments, -
;:. in conjunction with the particle measurements on the DE-2 satellite, have : E
T:‘ ‘our:d the presence of large scale plasma irregularities (zalled "patchea") t:.\
:: at polar cap latitudes [Weber et al., 1984], Varicus mechanisms have been .'
" proposed for the sause of these lar‘ga-m.alﬂ plasma {rregularities, such as -_
:. generation by particle precipitation and convection from other regions .._
"'.‘- “Kelley et al., 1982; Kelley and Viakrey, 1984; Weber ot al., 19384, Sojlka ;
", and 3chunk, 19862, Aasoclated with the large scale blobs, there are !

den=i{ty gradients at "walla" of these blobz {(primarily in the horizontal -
::' east-weat diraction) that are obs.rved to be 3atructured [Vickrey et al., .;'::
Ry 1380; Riro et al., 1983, Basu et al., 1984; Cerisier et al., 1985, Tsunoda : :.‘?l
:. at al., '985]. It {a generally believed that the structure at the so- .:2"

2alled "intermediate™ acale 2aizes (-~ 1-10 kme) 1= responsidle “or the —_
-:E comerved =atellire scintillatiors, E
: Manuscript approved September 26, 1986 \a
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A piasma blob at high latlitudes {s remin{sacent of arti®iclally
released cloudas {n the {onosphere and this fact has motivated us to 10
analogous aralysis of the L x B instapili~y for the blob sizaation. In
this ronrection, we mertion that the E x 3 irstability has deer applled to
the naturally oc2urring transaverse Jdersity gradienta at mid-_atitudes
[(Scarnapieco et al., 1975] and to the high-latitude sltuation [Xeskiren
and Ossakow, 1982; Keskinen and Cs=akow, 1983; Mitchell et al., 1985]. In
addition, we note here that yet another gradient-driven {natability, the

urrent convective ({nstability (which occurs {n presence o0f a parallel
current) has Dbeen |invoked to interpret high-latitude structure |{n
situations which may be E « B stable [Ossakow and Chaturvedi, 1979;
Chaturved{ and Ossakow, 1979; Huba and Ossakow, 1980; Chaturved{ and
Ossakow, 1981]. Most of the past work for the E x B and current-
convective [nsatabllity was carried out in the approximation of an
in®initely 1long blob parallel to the magnetic fleld. These earllier
studies clearly need to be modifled for the blob-related structure, =ince,
as has been noted earller, the blobs have “inite length In the direction
parallel to the fleld-lines. The work on the E x B instability in barium
clouds has shown that the growth rate |s severely modified for the long
wavelength modes when the flnite parallel =size of the cloud is consldered
(Volk and Haerendel, 1971; Goldman et al., 1976; Sperling et al., 1984;
Drake et al., 1985; Dﬁaké and Huba, 1986]. A similar analysis carried out
for the current convective instébillty has demonstrated that the
inatabllity growth rate is reduced on the order of two orders of magnitude
for the scintillation causing =scale sizes (for the observed Hlob sizes)
[Huba and Chaturved., 1986].

In this paper we investigate the E x B instability “or the high
atitude »lob-iike aituation. Thus, in our analysis .we have {rcluded the
ffacts of the finite parallel blob size, and lon-inertia (which can

become important at high altitudes where the ion-reutral acollision
“requency (s small ([Jssakow et al., 17°78]). We “ind that the growth rate
for the £ x 3 ipstabllity ls modi®ied by the finite parallel size 0of the
blob, with the longer wavelengtha showing more severe reductions in growth
rate than the small and intermediate acale saizes. The effect of lon-~
irertia at high altitudes also leads to a reductior {n the growth rate,

but the reduction (s relatively moderate for the 23mall and intermediate
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wavelengtna (A < 10 km) but {= substantial at the long wavelength= (A > 10
xm). Turther, the mode {3 locallzed [n the blob-region parallal td the
magneci> “leld. This has some notable consequences. for instance, the

mode may remain relatively unaffected by the regions afar. Thus, the
blob=asacciated structure of F-region altitudes may develop even in the
presence o a conducting E-region. The mapping of structure-assoclated
potential flelds is also modifled due to the locallzation. The electro-
atatic potential {3 roughly constant within the enhancement (cloud) but as
{t maps into the background ionosphere, the mapping distance s finite due
to the dissipation. This mapping, originally discussed by Farley [1959],
follows the relationship [L /L ) x (c /a )?/2, where L {3 the charécter-
{ati{c fleld acalesize, ¢ LL '%he cogductivity of the medium, and the
subscripts y, j refer t0o the parallel and transverse components to the
magnetic field, respectively. We find that this mapping may not extend to
large parallel distances for structured fields at higher altitudes
“here v, (and thus ol) {3 very small. We discuss these results in the
final section.

The plan of the paper (s as follows. In the next section, we present
the basic equations and briefly discuss the equilibrium. In the third
section, the nohlocal mode equation is derived. The fourth asection

contains the numerical results. Finally, in the fifth section the results

Calalar e o = A i

are discussed.

II. BASIC EQUATIONS AND EQUILIBRIUM

A =et of nonlinear equatlons describing the evolution of a plasma
density enhancement nas been derived in Sperling et al. [1984] and Drake
et al, {1985]. We briefly present the derivation here, A.plasma blob is
assumed to have finite length along the uniform magnetic field B = BO

E 4ith a background nreutral wind = Vn X. The plasma i3 assumed to be

Y
cold (i.e., T = 0); see Appendix A for a discussion o finite temperature

pV ot S N

aeffacts. The basi. equations are

E an
— A 3 - 1
- TRl (nxe) 0 (1)
0=~ -3x x3 MgVep (Yo Un) = movgy(uy - ;) (2)
' o 3. v, + 7)v, = eE + 2 x8 -mv, (v, -V ] mov, (v, =~ v_) (3)
\ {+3t -1 -1 = c -1 = {7int={ -n 17iet=i -
L
L]
¥ 3
.1: .:.v
P 1,-. Lo e U . ', . . > -.‘\-‘\‘:" '.\..' --",! '.;.;\'.' g ’,';;* '_‘-.""- ".q;“-'; A-: - "';4; RIS P L R ‘Ii“.\';\‘: "o e h:‘ RO RO AL G &
VAR ‘..’ Aoy, W% } A, .J (U X R ."' . ...‘t.f I ‘
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-1y (5)

&
x-x1

b S
R RRRAS

In the above na and !Q are the density and “luid velocity, respectively,

-,

of apecies a, Van is the a specles - neutral 2ollision frequency, v_. is
-

b o S e

the electron-ion collision frequency, vie is the 1ion=-electron collision
*requency and a refers to electrons (e) or ions (i). The electric and

magnetic fields are represented i{n terms of potertials as

1 aAz
E=-T gw ?

B=Byz+ VA x )

0
where ¢ 1s the electrostatic potential and Az {s the vector potential
assoclated with the magnetic field produced by the self-conaistent plasma
currents., We consider only Az since J' >> JL and assume that

|VAz X z| << By.

The elzctron motion transverse and parallzsl to Bo, is described as

-~

¢
Yo, = -3 Vl¢ £ 2z (8)

(10)

Vgy and 7, = b+, b=8/By. Also, with v /R, << 1

* meven/mivin

<< 1, The ion dyramics is given by

- v
c in
3 Vl¢ X z + Qi j

I I ) IR I ,
2L A e ey
A, 2%, 3%.v 1, 0%
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wnere ¢, = (1 + v,2/27)77 and 3, = v, + 3/3t In (11), both Pedersen 5".1
i k in" ¥/ . in in . i PR EE D
and Hall responses to the electric field and neutral wind have been ‘.(-'L_
~ .
included. Note also that we have included the ion inertia (3/3t in "in) W
in the above, even though the full o2onvective derivative has not been o
n oy g
included (v + Vv term is not taken into account). The reason for doing so il
is the fact that this term only introduces a real Srequency to the ‘
solution and dces not affect the stability criterion. ‘!'
We present the equations derived by Sperling et al. [1984] for —
. .-g« g
the E x B instabllity with the lon-inertial effects included. These . '.l
equations, derived from (8)-(12) and (1), (4) and (5), are -"'*:
dn ¢ ., _° e 2 i
— -=Vpxz+In+7 —VYA =0 (13)
at ~ 5 "'¢ | 4me |z _3 i
Rk
f.
- ~ 2 ~ ’
Vv ~ ~ - \Y] -~ s
c 'in ¢ in in e
€ 37 7 nVL¢+siBzsz¢ Vn*—s2 zx!n Vn _«
i Q i
1
e 2 4l
“Tm VA, 7 O (14) ;
N
-
dA y
2 Un 1 A
VA = — (V¥ + - (15)
.L z cna t I ¢ t ) . ‘l'..
= "
Akt
where n, = m_v./ne? is the parallel resistivity and h&‘
- B vin - '
¢ = ¢ o HJ—' _'!n .+ X (16) '*
Ve !
d 3 in S
dt T3t *Ql z2x ¥, -V (17) s
s\:
v =S s+ va xz v (18) s
W m— .
| 92 0 "Ry X 2 :
N
Zquation (13) i3 the electron continuity equation, (14) 18 the charge \
. B S o
conservation equation and (15) is the Ampere's law. Now we shall discuss "
tne equilibrium of these equations briefly.
s
e
\ N\

{\.__J,x.\‘

Ry * . " -7' : N :
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¢ The equilibrium of a cold plasma enhancement has been discussed by

@ Sperling et al. [198“]. A two-dimensional cloud localized along and
across the magnetlc field By, ny = ny (x,2z) with ny = 0 for
§ IX| < X and |z1 { 2y i3 described by equations
1
u 2
o on c 3 oA
o _— — a 1
it 3t ~ Twe az 2 C (}9)
9%
\‘.
A 2
L v - 3 A
Y ¢ in 3 3 ¢ 9 z
i €, o =N =— ¢ * - = 0 (20)
i t8a ox " x Yme 3z 8x2
2 -
. 9 A 3A
, 5 - g: (%3 " 5550 (21)
" 3x e :
k)
:t In the above, it has been assumed that the background icnosphere (s
uniform throughout the region, and Xq and zy are, respectively, the
j typical transverse and longitudinal scales of the plasma enhancements.
;: From (19)-(21) we find that the equilibrium is given by A, = ¢ = 0 with
L} - .
;~ n(x,z) an arbitrary °function. For simplicity we consider the plasma
[\
' density to be given by
1;.
;_ ni(x,z) = n, z < 2,
- - (22)
2 n(x,z) = n,(x) 2y <z <z
. n(x,z) = n, z > oz,
i
‘C
ﬂ III. LINEAR ANALYSIS AND DISPERSION RELATION
.b
. We perturb the set of equationa (13)-(15) over the equilibdrium
s discussed in the previous section and linearize the equations with respect
b
k to perturbations. The perturbed quantities are as=umed tO vary as
[} P
Lk £~ 2(z) exp(Yt + kyy). The above set then leads to
'I
3 2 x - - .a_;i ] A
(kyDr * YA, e 52 (23)
b YaD_ 3R N
) a Y
B> Y - r Z -
P — - == - o ,DN \( *‘
3 SR RS EREE > 20
in ful i
) e
Y N "'\t
B CONON
K WO
| LRA V)
R
' 6 .':'5_; \
. Taln
o BRAARS
p’.' -y ‘L'.."v '.‘,.... e \,,:,_ JC/ _~-,-“(‘-. .-“- & {. -— -- N J _< -"q‘i.‘n" Tt T Tt Tt ARt 'w'-'»"-"-“x'p"‘.’-‘.‘- ‘_"...
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:ng The above <equations are the s2ame as those discussed in the work of

A Sperling et al. [1984] with the exception of the second term in paren-

icw. thesis on the lefﬂ hand side of (24) [Y/Vin) which represents the effects

'::::::: of ion inertia. The following df:‘initions 'navze 'oezen u;ed in (;3) and

:?f:':. (24); Yy =V /L, L = (3 2n ni/ax) b D vy e oy w o s dnge/m,

Wity a = Qegilvei/vin’ and vm/ﬂi KL 7 was assumed. We discuss some well-known
. results from (23) and (24) in the local analysis in Appendix A. Now we

jﬁiﬁ present a derivation of the nonlocal dispersion relation.

%ﬁl The method of solving (23) and (24) we follow here is similar to that

N used in Sperling et al. [1984], Drake et al. [1985], and Huba and

g Chaturvedi [?986]. In the outer regions (outside the plasma blob), the

:‘ E ambient {onosphere is assumed to have no density gradient and a decaying

‘E‘} solution is assumed for the modes in these regions. We shal'l distinguish

R between the two outside regions by their differing amblent parameters

_ (density, Vin? etec.). We refer to the region below the blob as the region

f}iﬁ ? (bottomside) and the one above it as the region 2 (topside). In these

g;.g regions, the solution is written as

o - - k1z - - k1z .

el ¢ =9, 2. , A =A e z < -z,

l' o ) - ) -

N RS S S (25)

e 2 The inverse of decay lengths of the mode-associated fields in the amblent
‘2&; lonosphere are given by
M Y
e 2 (e
) 2. o] p=1,2 (26)
'a v
00
;,: wWhere
o
~ R = —L5 (27)
¥ Y + kD
ol o 5
l%j: In the above p = 1,2 refer to the two outer regions as noted earlier, the R
| A )
: j: rarm (Y/v,n) in (26) describes the effects of (on inertia and R {s a »::
‘ i
X )
R ™
3 o
::l 5 53'_
1oV Ny
).: *,» }$
!'h: 7 ‘:)‘
C 0
a <
::"‘, LS
: “' f\‘-' e e T e W Ca S W ". o« q;‘ f\-‘ T .".r\.—_\.,-_ N e e e AR e e T e .o i..‘\ . t.
2, } 3 " - . e, LY AT -
RO SN RN S DO M L A ~ Y el 0



measure of the electromagneti> effects., For the ela2trostatll lase
2 ‘ 2

(KyDr >> Y), R = 1 and for the electromagnetic are 'Y OO KyDr). R =
2

K D /Y KL 1,
yr .
Inside the blob, the mode is represented by a plane wave =oluticr,

ik,z - i,z
L < e

¢ = ¢i e , Az = Azie "2, <z

where the quantities are evaluated in the blob region and the lorn-irertial
effects are represented by the third term in the numerator of (29). A

solution is constructed from (29) for the mode, using the two roots o° «.

s

{k corresponding to + roots),

1
T

A, = A e +Be
i

o
]

(W8]

o

A similar solution is written out for 51. The solutions are matched at
the boundaries of the inner and outer reglions to derive the di=per=zion
relation. The appropriate matching conditions are obtained by Iintegrating

{23) and (24) across the boundaries (z = *+ z_); it i= found that $ and

o)
Az are corntinuous at z = * z5. Using (25) and (30) in (23) and (24) with

these matching conditions, we find the disper=ion equation is

k
ke
pE
K,2. = i tan-1 L ki + om 39
1% 7 3 K. K ‘ I
L2
1_
v, . k2
"y i
where m 13 an {nteger. The largest growth rate occurs for m = 0 node and
:S' we consider only this mode henceforth, The wavenumbers K, 2 ard k. are
1 y -
? def®ined in (28) and (29), respectively. Equation (31) {3 solved numeri-

cally, but “irst we shall discuss some aimple aralytical remulns from it.

Lt . -t
<. ~ . LR
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g
.
\"
::' E‘"eh‘-;-: NI -‘:‘31 ira. v 2arn He obtained from (3‘.1) in the limit
'ﬁ O , wher2 7= 7/13, ir wni2n case one may wWwrite tan (Zkizo) >
Za 2. 33 Tne llareraion palatiorn (s
")
‘  2k.2, % 712 (32)
0y
4 -~ - -~
u 30 liertltviTg —:n,, = w;’io:f, sre (2 atle tO regover the local theory
- ~as Ll AT, A3 ant ATTI=lAYY) from (32). '
:ﬁ: Tne fl-lt2 l2ngta f the 2100 and the ion irnertia both contribute to
:? 3 re:lurtiln If tne E « 3 Insrtacility growth rate.  We have nroted earlier
e rnat we fl8tlirsguisn wnhe iorospheri2 regions above and below the blob by
- wa2Lr 41%%2ring ambient parameters. We 3hall also distinguish three
if 1azarate  2asfee I whion the effe2ts ©f lon inertia are introduced
:ﬁ. ilf®arently see Tadbles ' and 2). In case I, both the topside and the
> cortomelle ioyncspnere, as well as the blob correspond to 1onospheric
o a.%lv.ides where the i:on-inertial effects are neglected, In the case II,
;;j “ne 1on irertial affect2 are Introduced only in the topside ionosphere
ff: regior ard in tne zase [IZ, both the blob and the topside ionosphere are
X rcralderad at altitudes where [on-inertilal effects may become important.
o W2 presert =ome 3imple analytical expressions for the érowth rate of
:; the I « 8 Iirstability for the above three cases {n Appendix B. It is
Sﬁ shown tnere that the growth rate 13 reduced for a finite length blob and
" tne reduction {3 more pronounced at the long transverse wavelengths,
’ Al20, tne earliar resulns of 3Sperling et al., [1984] are recovered for the
:j tase when the regiors 1 and 2 may be approximatéd in the collisional limit
Afj ~i%h the same ;arametérs. Wwe shall further discuss the results for the
Lf; ~“hree 2a3ases [n the discussion section along with the numerical results
p— 4nizxh wWwill De cresented next,
Jj. V. NUMERITAL RESULTS
[ I
:?’ Ae nave so0lvaed the ronlocal dispersion relation (31) for parameters
M. agpropriate Lo the 1igh latitude blob situation in threé diff2rent cases
‘fl{ a8 descriced [n the previous section. The parameters used have been
":: ~azualawad in Tables * and 2. We use the “ollowing ncrmalizations:
’:i Y = Y/Yj, k/ = Ky;r’ 20 = zo/zr, zi = aier, and Li = Dr/YO' The blob
& lergnn, 22,, nas been asaumed to be the same In the three cases ard is
! ":
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P
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taken to be 300 kms. Similarly, the gradiznt acalz length, Lys 28s0clateq
with the "walls"™ of blob (s taken to be 40 «xms ard the reutral w~ird

n

, resulting

velocity, Vn, is taken to be U400 m/sec in all =he three case
in the linear local theory growth rate Yo- ‘IO-2 sec'l. MO8t 32 the stner
parameters and symbols are explained in Tables 1 and 2 and wil. ne aziradg
when introduced below. In the following the growth rate 2xpressiors nave
been computed as a function of wavenumber, the blob lergth and tae i»sn
collision frequency for varlous cases. In addition, we have also plitted
the wave “unction within and outside the plob for various :ases, %:
display the localization of the mode around the instability region (i.e.,
the blob). For reference we note that 1 km modes correspond to KyLr =

14.5 and 10 km modes correspond to kyLr = H.HS.

Figure 1 shows the normalized growth rate, Y/YO, plotted as a
function of normalized transverse wavenumber, kyLr' for the three (2asaes
mentioned above. In case I (2urve A), the bottomside, blob and topside
are all taken to be collisional and ion inertial effects are unimportant.

For large k, (short transverse wavelengths), the growth rate can be seen to

approach as;mptotically the local theory growth rate, v = YO. For small ky
(long transverse wavelengths), the growth rate 18 reduced, The inter-
mediate scale size regime corresponding to the ' - 10 km {3 of special
interest, for these {irregularities are assodiated with the signal
scintillations. It can be seen that the “inite blob length has little
effect on the 1 km scalesize mode, where growth rate is 2lose to the loecal
theory value (Y = 0.9 Yo) but at the 10 km scalesi{ze-end, the growth rate
1s down by almost an order of magnitude (Y = 0.2 YQ). Ahen (rertilal
effects are introduced for the topside (2ase II, curve B), the growth rate
curve shows an overall decrease, and the reduction at long wavelengths
becomes more pronounced, Thus the 1 km—end of intermediate scala =ize
shows small reduction in growth rate'(Y = .75 Yo), while the "0 xm wave-
length modes =uffer severe reduction (Y = .05 YO) in growth rate, This
trend continues for the case when the lnertial effecta are important “or
both the blob and the topaide (case III, curve C), Now aven the local
growth rate (in the inertial 1limit) {= di{fferent from the vaiue {n the

20liisional case (Y = 0.6 YO in the i(rertial sase, wnile Y = Yo in the

9, Lyt
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2olli=sioral 2ase). The * «m-232al2s show less raduction in the growth rate
4. to tne “inite 1lob lergtn affects (Y = 0,35 Yg) ~“han the '0 km-s3ize
acal2a (Y = 2,025 Y.), as expected.

In Figs. 2a ~ 2b tne explizin effect of “inite blob size (= =hown on
the growth rates of 1 «m- and 'C «<m-=iz2 modes for the zases I and III,
respectivalvy, Figure 2a refers {0 tase I, and we =ee that the ' km acale
alzes [ourve A) experience lasser reductiors {n the growth rate than the °0
«<m-aize acdes (2urve B, It 2an Dbe =2en that for very 1long blobds
iapprcacning tne ircinitely long bHlob limit, or the local theory limit),
“he gZrowth rate for kyL” = 14,5 (A - ' km; apprvacnes the local theory
value (Y = ¥_ ) and “or smail blob-lengths, the growth rate i3 progreasively
reduced. Tais pattern {2 more pronounced for the longer wavelengths
Ik L = '4.,5, A =10 xms) for which the growth rate in the in®”inite blob

y=n n

limit (Y = 2.8 Yo) {a le=s thar the local %heory value, Y = Y_ (which (=

vaiidi only for short wavelengths such that kyLN >> 1) A similgr trend =
Jurd for growth rate behavior as a functiorn 0f blobdb-lergth, when the

al e“®ecta are irtroduced, This {3 shown in Fig. 2b, and the
irertial effects have been included for btoth the blob ard the topsidge
regions, The growth rates €or botn the scale eizes (A =~ 1, 10 «m) are
reduced in this (inertf{al) 2ase “or the infinite odlob limit “rom the valiue

Jorregsponding to the collisional limit. And a3 the blob lengths get

smaiier, the reduction in the growth rate {8 more, with longer wavelengths
{2urve 8) ashowing more pronounced reduction than the =small wavelergths

{2urve A).

g

) In Figs. 3 - 5 we nave plotted the wave “urctions 2or tne moces Witainr

tne bHlob (the {nstability region) and outside [t (the ambient lornosphere)
tD shnow the locallzation o0f the modes in the bHlob region and (n2 exters=.ion
into the ambient ionosphere, In Fiz. 3, the w~ave “uncticn 8 plorted “ur

mhe =short Wavelengtnh mode («k L 0® "U4.5, )V - 1 «m). Flgures 2a angd It

~

e NLAL

refear, respestively, tO cases [ and II., It 2an be =2asi{ly seeen that i(n the
xllisiornal bottomside region the mode extends %0 smaller distances {n tnhe
ambient loroaphere thar the topside lonosphere WJhere coliisions are low.
This mapping, dependent on the ambient 2olilsiorality, shows for tne
2cilisioral topside (Fig. 3a) tne mode extending t2> =2maller di2~ances thar

~he 2as2 {n Wni>nh the topaide (= assumed irernial (Fi3. :b).
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The mapping of modes into the ambient {onosphere (= also scal2 size
dependert., This ls shown in the Figs. 4 and 5. In Fig. 4, wavenumbers
kyLr = f“ 5 {(Fig. 4a), and kyLr - j.“S (Fig. u4b) are plotted for the case
when all =he regicns are taken t> be 2ollisioral (case I, Table 2).
Clearly, the longer wavelengths extend “arther into the background than the
amailar wavelangths., In Fig. 5, whih corresponds to the case in which the

topside {s assumed inertial (:ase III, Table 2), tnis pattern i3 repeated,

a

ith the potential “ields mapping to larger distances on the topside (whizh
i3 less 2ollisioral) than on the bottomside (Which {s more collisioralj.
Again, as one wculd expect, this mapping 13 to larger distances for the
ionger WJavelength modes (Fig. 5b, kyLr = 1,45) than for the small

wavelengtn mode (Fig. 5a, kyL” = 14.,5),

An interesting point to note from the Figs. 3 - 5 i{s that in the
2ignly collis{onal bottomside region, the =maller =cales do not map to
rarge diatancea, Thus we see that the 1 km-size mode maps tdO less than tne
5105 length, 24/2 (=75 kms) in the coilisional bottomside (Figs. 3a and
4a). Thi= {mplies that this mode, depending on the altitude of the blob,
may rnot be affected hy a 2onducting E-region. A conducting E-region is,
however, likely to affect the development of longer wavelengths (> 10 kms),
as (s evident ’from Figs. 3b - 4b, where the modes extend to severél times

the 310b length (> 400 «ms).

V. DISCUSSION

We nave s3tudled the =2ffects 0° finite blob-leangth on tne interchange
irarability applicable to high latitudes and have included the effects of

S
omi

-

ve {on irertia. The experimental observations indicate that the high-
tanitude »Hlobs are oOf finite extent parallel to the magnetic “ield with
~ypiral =2alasizes 9° a few hurndreds »f km [Tsunoda et al., 1985]. This
mears tnat they span regiors Of varying plasma parameters in altitude,
2.,2., the :0llis{on freqguencies, density, ete. At high altitudes, the ion-
reutril 2ollision frequency, Vip? decreases and therefore the lorn-irertial
2€%20t3 need to be (ncluded fir the interchange iInstabllity analysis

_Ossakow 2t al., 1978]. The introduction of “inite parallel blob-size in
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the analysis means that one should consider the finite parallel wavelength
ffaots (kl » O) on the development of the instability and it further
mplies that the coupling of the blob region to the ambient lonospheric

)

[,

regions should be taken into account,

There are some obvious similarities of dynamics between an artificial

plasma 2loud and a plasma blob in the ionosphere., Both represent a plasma
density enhancement above the background, both are of finite dimensions and
in both the cases their motlon with respect to the background results in a
3teepened backside or a wall gradlent which 12 observed to be striated or
structured. Consldering these common features, we have applied the theory
of {nterchange instability developed for plasma clouds by Sperling et al.
£1984] and Drake et al. [1985] to the blob situation, and have included the
16n-inertial affects in tﬁe analysis., It may be polinted out that there are
also aome differences Dbetween the two situations, The clouds are
relatively small in parallel size (tens of kms) as compared with the blob
3izes (a few hundred kms) and have a sharper transverse density gradient,
The constituent ions of clouds are also di“ferent (usually barium) from the
background ions while in the case of the blobs, the two are the same. Due
to the large sizes, blobs occupy regions of diverse lonospherlic propertles
in altitude, Thus the plasma properties at the bottom and the top of a
blob may be very different in terms of collisionallity, temperature,
density, ete. This also has an lmportant {mplication on the profile of the
blob (as opposed to that of a cloud in whose case this size {3 quite =mall,
and thus the properties of the two ionospheric regions adjacent to the
cloud are not as different). Even though we have considered a 'top hat'
model of the blob in our aralysis for simpliclity, the real blob would be
asymmetrical in altitude, with it3 boundary in the ccllisional bottomside
remaining sharp over the time-scale of the structure development as opposed
to the topside where this boundary would be relatively more diffuse with

reapect to the background.

The analytical and nrumerjical work on the stability of blobs with
respect to the Interchange mode preassnted §in the previous sections

demonstrate that, as In the case of the plasma clouds, the finite parallel

blob-lergth results {n an overall reduction of the growth rate of the

interchange instability from the infinite blob case value. This reduction
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i{s proportional to the wavelength of the mode: the longer the wavelength,
the larger the reduction in its growth rate., In addition, the effects of
ion-inertia (important at high lonospheric altitudes) are found to reduce
the interchange instability growth rate somewhat. The c¢onsideration of
finite parallel blob-length implied that the effects of finite kx Dbe con-
2idered on the interchange instability. The parallsl extent of ghe modes
is proportional to the transverse wavelength in ionosprere and this rela-

tionship is roughly given by the relation, (LI/L ) = (ollol)?/z, where L 1is

the characteristic scale size, ¢ is the ionospheﬁ%c conductivity, and, |
and | represent components perpendicular and parallel to the magnetic field
respectively. Clearly, as one goes higher i{n altitude, ¢ (which is pro-
portional to vin) decreases and o (which is proportional to v;l)
increases. Thus, with increasing altitude, a given transverse scale size
mcde extends to larger and larger parallel distances. This fact explains
the more pronounced reduction of (interchange instability at longer
transverse wavelengths for the finite-length blob situation. As the mode
axtends out of the Dblob (the instabllity region) into the ambient
ionosphere, it attempts to move plasma electrodynamically {n these regions
(where the density is uni®orm and this represents a drag for the aystem).
As a result, the growth rate of the interchange process is reduced. For
longer vtransverse wavelengths, the parallel extent of the mode is also
larger, and thus the 'load' also higher for the circult, and, therefore,
the growth rate reduction iz more. Another consequence of the relationship
(L/L) « (o r0 )12
1 P L

l
sizes are localized to shorter parallel distances around the blob (the

{s the fact that the smaller and intermediate scalé-

instability region). Hence, depending on the altitude where the blob is
located, this localization may be small 2nough =20 that the mode does not
axtend to the E-region on the bottomside. This would mean that the E-
region would have 1little {mpact on the development of the atructaring
process in the nigh-latitude F-region, whether or not the E-reglon i=s
2onducting. The satellite signal s2intillations are generally believed to
be caused by the intermediate scale sizes (few 100 m - few km) and for a
set of typical parameters, we have fournd i{n our nﬁmerical reaylte that this

nay lndeed be the case [see Figs. 3a, 3b, Ya and 5al.
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‘:f The long parallel extension of modes on the topside also means that "n":s
f; the regions of low neutral density (and therefore low vin) are being 3‘:::;
N traversed by these modes. Thus ion-inertial effects need to be included .
’: and this has an effect Of reducing t.e intercharge irstability growth rate ":
- TOssakow =2t al., 1978]. This reduction is also wavelength dependent, the :_').:
:2 larger transverse wavelengths experience higher reductions i{n the inter- e
" change growth rates (see Figzs. 1 and 2, curves B and C, and also tne u'i
:',:' nonlocal growth rate expressions (35) and (B6)). However, the interchange 0}."
s,l process may proceed rather unimpeded at short and intermediate scalz:s, Wwith _:. .’
LY the reductions in the growth rates less than an order of magnitude even at _:.'Z:
higher (~ 450 kms) altitudes, a result in agreement with Ossakow et al. —
; r19738] (see Figs. 1 and 2). -'o:
§ Thus we ?find that the interchange process assoclated with the hnigh é" “:
1 latitude “inite-length blobs (s severely hampered {Hr long wavelengths c!\?:'?
20 > 10 km) due to finite blob-size, possible coupling to a conducting E- -~
'\' region on tne bottomside, and due to lnertial effects as modes coupl2 to \
_ higher altitudes on the topside. On the other hnand, the small ard ?‘,i‘;
N intermediate scale 3sizes (< 1 km and 1 ~ 10 km, respectively) may stlll ':

experience the process Of interchange unhindered for the observed blob

& lengths (~ 300 km) for the F-region altitudes (i{.e., at al:itudes around ‘-‘.'_v}
T
§ 400 - 500 km). There |3 evidence that the h.gh-latitude blobs may be R
o . R :(.‘ X
) displaying such structures (Rino et al., 1983; Cerisier ot al., 1985; R
: Weth
) Tsunoda =t al., 1985). Therefore wWe suggest that the observed atructure (n
AN - X WK
o this range (1 - 10 km) may be due to the E x B intercharge instability due RV !;.
. - - _\1 i
oA to the amblent electric “ields, or neutral winds, or a ocmblpation of
: e
N both. We have not ooraidered the poasible origins of the large snale b'i,
¢ i
langth astructures (blobs, pat:hes, 2te.) observed at nlgh latitudes {n thi=
o WOr< J(szales aizes > 1790 «ms); on the basls 37 this werk, the=e are :'\.:: Y
. - '\f +
{' produced Yy fome otner mechanism than <he [ terzhange Qrocese, we nave -:,,.. :
-.' - r 1
e 2130 rat attemptaed to intlude the dynamils OF “hese large sirot.ra2s or el
) their realisati: profiles, The [nterchange pricess Jdi3acussed here levelogs
)
' Sver a2 time scale 9f minutes (~ 10° s8se2) Whereias the lorg s1il2 3lze -
>
' vy variationrs oaccur over a period of hours, thus making th2 assumpt.ion H° 13 :4\"'
1 ] ™
) ~ U
™) 'araria’ 5lob valid to lowest srder, Wyl
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In conclusion, we have argued that for the finite-length blobs {n the
nigh latitude F-region, the intermediate scale size structure responsible
for satellite secintillaticns may be caused by the © x B interchange
instability, even in the prucence of a conducting E-region (for the blob
2.zes ©f ~ 300 km). We have al=0 shown that for these scale =zizes (1 - 10
km) the effect of ion-inertia introduces modest reductisns (n the
interchonge instability growth rates, All these =effects “inite blodb
length, e:®ect of {nertia, etc.) however act to reduce the growth rate of
the interchar.ve irmstability at long scales (>> 10 xm) severely, thus making
it unlikely that the large 3cale slizes would be locally produced by the

interchange proceas in high-latitude F-regilon.
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APPENDIX A: LOCAL THEORY

We Fourlier analyze the perturbed quantities in the z-direction
Z(z) ~ F exp [ikzz) for the local approximation. Then (23)-(24) result in
the dispersion relation

[v + &, 1lv(1 « &) - v

2
] = - (yab_Jk (A1)
\)in r VA .

0
The effects of finite parallel wavelength are included on the right-hand
side in the above. We “irst discuss the case kz = 0, and later would

consider the case when kz = 0.

(a) ky, = 0

Setting k, = 0 in (A1) leads to the dispersion relation

2 Y
[+ kip Jv(1 + “1n) Y

ol =0 (A2)

2
This equation has solution for a damped hydromagnetic mode, Y = - k;D”,
[Chu et al., 1978] and the other solution refers to the E x B instability

including the lon-inertial effects [Ossakow et al., 1978]

Y

) - v, =0 (A3)
Yin

0

Y(1 +

The two 1limits discussed in Ossakow et al. [197.] are the collisional and
inertial 1limits for the solution of the quadratic in (A3). In the

¢collisional limit, v >> MYO, one obtains the well-known result of local

in
theory growth rate of the E x B instability for barium 2louds,

Y =¥ (Al)

in the inertial limit, the growth rate of the £ x B instability 1s reduced

from the collisional case, though not directly proportional to a decrease

in Vin (as might be expected at €irst), but proportional to /vin instead
[Ossakow et al., 7978]. Thus, for Vin < uYO, the growth rate is
- - i~ 4 \
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Ae discuss the collisional and {rertial 1limits in flnite «,

approximation “or the =lectrostatic and 2lectromagnetic regimes.

(L) Electrostatic regime (kiDr > )

In an =electrostatlc approximation the dispersiorn relation (A1)

reduces to

.2
2 Zy _ [ az
Yoo+ Yvin(? + ;(2) Y9V:in 0 (AB)
y
The collisional limit corresponds to 4y, << vin(1 + a kK°/kS), and the
growth rate is k2
Y:Y/(" +a_z) (A7)
0o ™. 2
K
y

Clearly, the parallel dissipative 2lectron motion has an overall effect of

reducing the growth rate in this limict.

The inertial limit is 4y, >> Vin(? +a ki/ki] and the growth rate in
this case is
Vin ki
Y = /7;3;; - = (? +a ;E] (A8)
y

(11)  Electromagnetic regime (Y >> kibr)
In this case, due to inductive effects, the mode couples to a
parallel propagating Al®ven wave which has a stabllizing influenrce on the

instabilitv. The dispersion relation is now

2

22

1 e Y- [Yovm - VAkZ) =9 A9
The growth rate in the collisional limit is
2,2 ‘pa
Y Yo Vsz/vin (AT0)
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This expression {8 also given in Sperling et al, 719847 and by Basu anrd

Coppi -1283]. In the inertial regime, the growth rat2 is

Y= /Y v, -V

J in

K

NN

(A1)

x> M

/2

2 .
wnere 7, = [37/dmm.n is the Alven speed in the adove.
B ) L

Al
0/
inite temperature effelts

L)
PR

In2lasion 0% finite -~ :mperature =2ffacta {{,e,, T = 0) resuylts in an

addizioral atabilizing term. The growth rate in the elactrostatic limi

ot

i2 given bHy

2)

{1+ 1k /x
z 'y

(A12)

sae 26 3 Irake ot al., 1985). I7 we take «_ ~ w/uzO (see Section
$I10, 24 = 50 xm, T =T, <+ T, = 0.2 eV, and v_, = 10" sec”!, we find that
- 9] ) e IS ei .

«TTimv . =2 X 107% sec”! << ¥, - 1072 sec. Thus, “inite temperature
- 3 - %

a““acta are yrimportant for the parameters we 2onsider, However, for
auf“i2lently =short wavelength modes it <2an be shown that finite

temperature 2°%2ct2 stabilize the mode (Drake 2t al., 1985).
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APPENDIX 3: NONLCCAL THEORY

we lar rewrite the nonlocal dispersion relation (31) in =erms 37 tne
nermalized parameters as
A V. v . v, « s
. v I rp_in )‘/2 . ! in ) /2
I s " \ B
N v, 1 v, 22
- S - wn \4/2 Wn 17
~an2«,z. = = I — = = RN
D) , i . ' / Zy,
h ] - V., v J v -
‘ i Tins foin NYS2 T T2
i - | t
~ / s ;. 2
. - AU 1V 2
ra N I
Anere g, o= -,
n P

or finite a2lze 2liobs and at higher altirudes, the reduced growin

rate Lzmzoiie2 Y < "oard in taiz limit, one may take tanzk,zo * 2K.2Zne Then
- > - -
tne disgersior relaticn becomes
ro— Y /2
v[Va, « (1 + ) Va_ |
, 24
IR ‘ Vin2 < ,
lz.Y -+ xy‘ = = = {32)
o -~
v Y Y /2
-y (1. )+ va a, (1 + Jer]
’ \V
ini in2
, (n) (n) - \
where a_ = a /x , 3 = QQ,/v .. "v, 7, v = vy, /Y.. In the above we have
n Ln n e”i "ei "in in in 0
i{gnored the lon-inertial effects for the bottomside region (1) but

retajred whem for the blob and the topside region (2). Now we write down

aralytiral 2xpressicns 2or the growth rate when zO 18 small.,

as2 I:

When both the topside and bottomside regicons and the blob are

»oliialcnal, the growth rat2 is
- -~
~ 22
v = J Y

S 3 )
K/a, + Ja,)

where a, and 3, reprezent the f30t that we have oonsjidered different

O
)
—
e
v~
D
-
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nalitles for all the three regzions, If ore considers the
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situation in which both the topside and bottomside regions may be
approximated to be the =ame, then one obtains the result presented by
Sperling et al. [1984]

Y~ {z.x )//a ‘B4

Case II:

In this case, the bottomside and the blob are assumed coliisicnal but

the topside is considered inertial (anZ < YO]. then the growth rate i=

given as
- 2z k
Y = 0y (35)
(Vay + vay/v,,)
where v :

in2 ™ Vin2’ Yo < 1

Case III:

In this case, the bottomside {s considered collisional but the ion-
inertial effects are included for both the topside region and the blob.
Then the growth rate {s

~ -~ ~ a \{<
v = (2gk )/ (V] « v 2L 72 (36)
in2

v

where

Y, =/, (v, = /Y v (a7
1 int' ‘4 0°in ) ‘
) {
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Fig. i) Plot of the normalized growth rate Y/YO ve, normalized transverse

wavenumber kyLr for the parameters listed in Table 2. Curve A

corresponds to case I, curve B to case II, and curve C to 2ase
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Plot of the normalized growth rate ‘1/‘1Q vs, nrormalized parailai
blob length 2z4/z,. Curve A correspords to kyLr = '4.3 and ~urva

B corresponds to kyLP = 1,45, (a) Parameters .used are “yr ras2

I. (b) Parameters used are ®or case II!l.
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